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circuit, and four separate outputs for providing four AC
ground voltages.

24 Claims, 7 Drawing Sheets




US 9,331,644 B2

Sheet 1 of 7

May 3, 2016

U.S. Patent

(LMY "OHd)

L B4

|

Ty ez o 2 P S L
6: 2 b1 s g g |
| N Lo A B ] va
aNDOY PAVId ZAVd LAV 1d
60 10 50 €0 WE ca
80 90 b0 20
80 2a 9@ 5a g
g0 \{ o Xe
O A
YOl
v a@® Qv
: N
aaA 004



US 9,331,644 B2

Sheet 2 of 7

May 3, 2016

U.S. Patent

(1MV HOIMd)
AR

PONDOY dWD O—AF |

1HOHSy
EANDDY dND Ot —t
JHOHSy AN

71T

- v
ZANDOY dWD &I} —t anNo9

LHOHS
? N

Ezoo,q:%oﬂrlwq.ib 202 //

1HOHSy 002

e

<> Nid GNDOVY A )\We + <O Nld LAY 1d




US 9,331,644 B2

Sheet 3 of 7

May 3, 2016

U.S. Patent

(MY HONd)

£ biq

'

ZANDOY JdWND N
_\_/\. Y

. LONDOY dND
*\A,‘ . _ =
b VA

aq [r

Nid ZAY1d UA:

o

o]

¥ ZAYd i LAYId  bd
VWW—C L5 o—AA—]
ZAVd 1] S LAY
dNV1D S anoov
YAV Td < LS eAYId
_ 3 _
PANDOY dND OLE EANDOY dWND
TV’ o A
mm( _ @Q TTIRY
3} ay AONDIV A s
8y a4
S ™ »
,‘l_\ "y .
T o VI _IA Y
<} + + (i AAN—
PAYd v 4 EAY1d

Nid VAY 1d o4

HAS

e

NId LAY

Hﬂ_ Nid ONDOV

|.ﬁnu Nid EAVid




US 9,331,644 B2

Sheet 4 of 7

May 3, 2016

U.S. Patent

L 2 i
M2
e Wil s %

FOMOYY

g D

(

A

N

AAN
¥

oy
&

\

a

<
-,

Y

R

b

: Y

N
\
5

-

54

;\‘;

P
=¥
<

#43

Ry



US 9,331,644 B2

Sheet S of 7

May 3, 2016

U.S. Patent

YOMEY Y 20
wQEiQ@. P R g s w\ ...... J
COMEDY < S M
\ ¥ P
e xc.:} T
BINODY AND € : o el THERDY e A m T Wk LAY T
LAY T W,.W
..v.uw\ \Ji $ a \«\.cm..,\. ...... ¥ )
i Ll "% .
- i b 5,
2O WD o £ § et ’ ?m.;.. y
P e o
UG e 7%
VONSI Y . Af g
. it

LORSITYY A




US 9,331,644 B2

Sheet 6 of 7

May 3, 2016

U.S. Patent

g Bid

) s .
s WYY D
- Yassssssssssanssns, oA W
" e i
/ ;
RN i
] H 4 b -
: H S ..\».
: : 2
H H AR P-7 o
4 : g (e s %
i et . Pl ;
= Y e ?,,,q, e B R BTY:
= P N urG
e
H “bosdd, 28354 3
“ “, oy i
e Bl
i o I < .
e E & -
W m &«\..,M.,c
i ;
4 H \.\\
i ;
ped Bl 2 T
- VAT R TR et ST Tt 1 ) vers;
Bt TR b B o Ly \sr.. «un.m,«.,:.“z\.ﬂ e, > : u.:e Sy Bt Pt Ry

BN < e LN

ff S

PITRTYONY 24T & \& dﬁwca e

Q09 -
~ vt
N, Bed . 473 Pid GINDDY
w ey i
i1 [
R LA 3
H so g Sl
4 o
»..‘”.V “.. N& <,
; ¥ 4 APy
- . e, ﬂ et ol
oo ~ e e L% 7

: L . bvnns? %,

- : 3 - . o A A

Mid PR I Dd S v T D
YA i v LAY Tl




US 9,331,644 B2

Sheet 7 of 7

May 3, 2016

U.S. Patent

- mm 2818 s oo
R S A T, L AL e

R o

3 1

5 i

A2 BRI RR- 1 . Y b )
o \“ﬁ&%% G s

Tl B q i

i

i
H
H

A
e KA «
s 72

R

o

\,
10 R \\\ .............. - s .\..H \\.\x.
H - “ m Vs 32 e 545 7 o
H i ; H % i b .
; M i 57 AR
i i i ; s
WY 40 (T e Lo i
HOLSIENYEL ol “ g 4 s
Iy Yepd ¢ [ 4] s A
Al | R ; o et Ww& i
o o } 4 AR R4 ¥
HOLSIEMYHL eeeeeeerson —

e ae i A B R T S

i

¥
H
}
H
H
}
H
}
H
H
H
H
H
H
H
H
H
H
H
H
H
H

",

3
i
w~




US 9,331,644 B2

1
INPUT CLAMPING STRUCTURE FOR
SOUND QUALITY IMPROVEMENT IN
CAR-RADIO CLASS-AB POWER AMPLIFIER
DESIGN

RELATED APPLICATION

This application is a translation of and claims the priority
benefit of Chinese patent application number
201110461474.2, filed on Dec. 30, 2011, entitled Input
Clamping Structure For Sound Quality improvement in Car-
Radio Class-Ab Power Amplifier Design, which is hereby
incorporated by reference to the maximum extent allowable
by law.

FIELD OF THE INVENTION

The present invention relates to class AB power amplifiers,
and more particularly, to an input clamping circuit for
improving sound qualify of the amplifier.

BACKGROUND OF THE INVENTION

A typical input clamping structure 100 for a class AB
power amplifier is shown in FIG. 1. Circuit 100 includes a
reference voltage generator including a first leg comprising a
first bias current I1 (typically between 70 and 100 micro-
amps) coupled to node 104, serially coupled diodes D1, D2,
D3 and D4, and resistor R1 (typically about 3K ohms). A
second leg of the reference voltage generator comprises a
second bias current 12 (typically between 70 and 100 micro-
amps), a transistor Q1 having a drain for receiving the 12 bias
current at node 102, a base coupled to node 104, and an
emitter coupled to resistor R2 (typically about 30K ohms).
The voltage at node 104 is about 3.3 volts. The two bias
currents are also coupled to VDD, which is typically set at
about 144 volts for a power amplifier. The clamping circuit
also includes four NPN Darlington transistors Q2/Q3,
Q4/Q5, . . . Q6/Q7 for generating clamped input voltages
PLAY1, PLAY2, . .. PLAY4. The PLAY1 node is coupled
through resistors R3 and R4 to the SVR node. The values of
resistors R3 through R10 is about 25K ohms. The SVR node
stands for “Supply Voltage Rejection” and is an internal ref-
erence node set to about VDD/4. The serially coupled resis-
tors are shown for better matching and routing in layout
design of an integrated circuit. Similarly, the PLAY?2 node is
coupled through resistors R3 and R6 to the SVR node, and the
PL.AY4 node is coupled through resistors R7 and R8 to the
SVR node. The ACGND node is coupled through resistors R9
and R10 to the SVR node. NOTE that the value of resistors R9
and R10 is one fourth the value of the PLAY node resistors.
ACGND is the common node corresponding to nodes PLAY1
to PLAY 4, as will be seen and described in further detail
below, and so these resistors must be four resistors in a par-
allel connection.

InFIG. 2 PLAYx and CMP_ACGNDx are the direct inputs
to the amplifier input stage, in the layout of the integrated
circuit the star-point the metal traces to the destination must
be coming from the same point although each of the metal
traces are at the same potential) is from ACGND in FIG. 2,
and R, ,, 1s the routing metal resistance. Resistor R1 is about
600 ohms and R1/4 is about 600 ohms, divided by four. Note
that the resistors shown in FIG. 2 are different than those
shown in FIG. 1. In FIG. 2, there are four ACGND nodes that
correspond to four input nodes. The four ACGND nodes
(CMP_ACGND1, CMP_ACGND2, CMP_ACGND3, and
CMP_ACGND4) are coupled to the same point (ACGND)
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2
and the four inputs (PLAY1, PLAY2, PLAY3, and PLAY4)
are independent. The capacitors shown in FIG. 2 represent
discrete capacitors that are used in conjunction with the class
AB amplifier integrated circuit.

The integrated circuit class AB amplifier 300 is shown in
FIG. 3, including amplifier pair 302, amplifier pair 304,
amplifier pair 306, amplifier pair 308, and clamp circuitry
310. The input and ground connections are all as previously
described. In FIG. 3, the Rf resistors are typically 8K ohms,
and the Re resistors are typically 400 ohms. The class AB
amplifier 300 is shown in a typical audio application for
driving loudspeakers. While the amplifier 300 shown in FIG.
3 achieves a good level of performance, it is limited by the
unbalanced ground connection. What is desired is a class AB
amplifier that has the highest level of audio performance and
least amount of distortion with a completely separate and
balanced ground connection.

SUMMARY OF THE INVENTION

According to the present invention, a novel input clamping
structure for a car-radio class-AB power amplifier has
ACGND node that is separated into four discrete branches.
Correlative pad connection optimization and layout con-
straints are adopted to improve sound quality.

According to the present invention, a clamping circuit for
an AB amplifier comprises a reference voltage circuit, a plu-
rality of NPN Darlington transistors having a plurality of
inputs coupled to the reference voltage circuit, and a plurality
of outputs for providing a plurality of clamped voltages, and
a split NPN Darlington transistor having an input coupled to
the reference voltage circuit, and a plurality of outputs for
providing a plurality of AC ground voltages. The reference
voltage circuit comprises a first leg comprising a first bias
current, a plurality of serially coupled diodes, and a resistor,
and a second leg comprising a second bias current, a transis-
tor, and a resistor. The clamping circuit further comprises a
plurality of input diodes interposed between the reference
voltage circuit and the plurality of Darlington transistors, and
a plurality of emitter resistors coupled to the plurality of
Darlington transistors. The clamping circuit also further com-
prises an input diode interposed between the reference volt-
age circuit and the split Darlington transistor, and an emitter
resistor coupled to the split Darlington transistor.

According to the present invention, an AB amplifier circuit
includes a plurality of AB amplifiers each having a play input
and a ground input and a clamping circuit comprising a plu-
rality of play outputs respectively coupled to each play input
and plurality of separate and balanced ground outputs respec-
tively coupled to each ground input.

According to the present invention, a corresponding
clamping method for an AB amplifier according to the present
invention includes providing first, second, third, and fourth
input clamp signals to the AB amplifier, and providing first,
second, third, and fourth corresponding balanced and sepa-
rate AC ground signals to the AB amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a typical input biasing
circuit for a class AB power amplifier according to the prior
art;

FIG. 2 is a schematic diagram of further details regarding
the inputs to the class AB power amplifier;

FIG. 3 is a schematic diagram of a class AB amplifier and
damping circuitry according to the prior art;
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FIG. 41is a schematic diagram of an input biasing circuit for
aclass AB power amplifier according to the present invention;

FIG. 5 is a schematic diagram of further details regarding
the separated inputs to the four amplifier bridges in the class
AB amplifier according to the present invention;

FIG. 6 is a schematic diagram of a class AB amplifier and
clamping circuitry according to the present invention; and

FIG. 7 is a plan view of a layout of the class AB amplifier
and clamping circuitry according to the present invention.

DETAILED DESCRIPTION

According to the present invention, a clamp circuit and a
class AB circuit incorporating the clamp circuit is shown in
FIGS. 4-6. The ACGND node is separated into four separate
and balanced branches. Since current injected to ACGNDx is
the same as PLAYX, the resistor between SVR and ACGNDx
is also changed to the same as that between SVR and PLAYx,
s0 PLAYx and ACGNDx are completely balanced and match-
ing is much better in the corresponding layout.

Referring now to FIG. 4, a clamping circuit 400 includes a
reference voltage circuit as before, and a plurality of Darling-
ton transistors as before. Previous nodes 102,104, and 106 are
relabeled 402, 404, and 406 in FIG. 4. Note that a split NPN
Darlington transistor Q8, Q9, Q10, . . ., Q11 is shown having
an input coupled to the reference voltage circuit at node 406,
and a plurality of outputs for providing a plurality of AC
ground voltages ACGND1, ACGND?2,. .., and ACGND4. An
input diode D8 is interposed between the reference voltage
circuit and the split Darlington transistor. Clamping circuit
400 comprises a plurality of emitter resistors R9/R10, R11/
R12, R13/R14 coupled to the split Darlington transistor. The
value of each of the resistors shown in FIG. 4 is 25K ohms.

FIG. 5 shows circuitry 502 and 504 that provides corre-
sponding connections to circuit pads. Circuit 502 shows the
signal input connections, and circuit 504 shows the balanced
and separate ground connections. The PLAYx_PIN,
ACGND_PIN and SVR nodes are external pad connections,
and the rest of the circuit nodes are internal. The circuit
elements of FIG. 5 are shown in the context of the AB ampli-
fier circuit in FIG. 6. The star-point is from the pad of ACGND
in layout. The star-point from SVR to the resistors inside
inputs the biasing circuit starts also directly from SVR pad.
The CMP_ACGNDx nodes go to the ground input of the AB
amplifiers, and the ACGNDx nodes are coupled to the clamp
circuit. The capacitors shown in FIG. 5 are discrete capaci-
tors, external to the integrated circuit including the class AB
amplifiers and the clamp circuit. A resistor R1 is associated
with each signal input PLAYx_PIN to PLAYx node and each
ground connection ACGND_PIN to ACGNDx node.

Referring now to FIG. 6, a class AB amplifier circuit
including a clamp circuit 600 is shown. Circuit 600 in class
AB amplifiers 602, 604 606 and 608, as well as clamp circuit
610. Each class AB amplifier includes four internal resistors
as shown. The values of the Rf and Re resistors are the same
as identified with the prior art amplifier shown in FIG. 3. Each
PLAYx_PIN includes an external capacitor, a series resistor
R1, and a PLAYx node coupled to a positive input of a first
operational amplifier of the corresponding class AB ampli-
fier. The ACGND_PIN includes an external capacitor, four
series resistors R, which in turn is coupled to the
CMP_ACGNDx and ACGNDx nodes. The CMP_ACGNDx
nodes are coupled to a positive input of a second operational
amplifier of the corresponding class AB amplifier. The
ACGNDx nodes are provided by the clamp circuit 610. The
SVR pin includes an external capacitor and is coupled to the
internal SVR node. The SVR node is coupled to resistor Ra,
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4

which is in turn coupled to the center tap of resistors Rb and
3Rb. Resistors Rb and 3Rb are coupled between VDD and
ground.
In the present invention, a clamp circuit having separated
and well balanced ground connections is used to improve
sound quality. Layout optimization is also of great impor-
tance. The layout design should obey the rule strictly to match
and balance every inputs of the amplifier and the general
layout guidelines should always be implemented.
Referring now to FIG. 7, a layout 700 for the integrated
circuit according to the present invention is shown. The SVR,
PLAY1_PIN, PLAY2_PIN, PLAY3_PIN, PLAY4_PIN, and
ACGND_PIN pins are shown. Input transistors 702 and 704
correspond to the input differential pair receiving the PLAY2
and CMP_ACGND?2 voltages, input transistors 706 and 708
correspond to the input differential pair receiving the PLAY 4
and CMP_ACGND4 voltages, input transistors 710 and 712
correspond to the input differential pair receiving the PLAY1
and CMP_ACGNDI1 voltages, and input transistors 714 and
716 correspond to the input differential pair receiving the
PLAY3 and CMP_ACGND3 voltages. Layout 700 also
includes clamping transistors 720 and 722 that correspond to
transistor Q3 and Q7, clamping transistors 724 and 726 that
correspond to transistors Q6 and Q9, clamping transistors 728
and 730 that correspond to transistors Q7 and Q10, and
clamping transistors 732 and 734 that correspond to the tran-
sistors used to clamp the PLAY3 and ACGND3 voltages not
shown). Also shown in FIG. 7 are vias 744 that couple a first
metal level 736 to a second metal level 738, and contacts 746
that couple resistors to the first metal level 736. Pbody resis-
tors shown in FIG. 7 correspond to resistors R3 through R12
(left side of the figure) and resistor R1 (center of figure). All
of'the pins in FIG. 7 are provided by a third level of metal 742.
It is important to note that all of the signal inputs and the
ground connections shown in the layout of FIG. 7 are separate
and balanced. Other variations of the layout 700 shown in
FIG. 7 are of course possible while providing the balanced
signal and ground connections according to the present inven-
tion. Due to the balanced layout and design of the present
invention the class AB amplifier circuit will provide a much
improved sound quality.
In summary a damping method for an AB amplifier
includes providing first, second, third, and fourth input clamp
signals to the AB amplifier, and providing first, second, third,
and fourth corresponding separate and balanced AC ground
signals to the AB amplifier.
It will be apparent to those skilled in the art therefore, that
various modifications and variations can be made to the
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cov-
ers the modifications and variations of this invention provided
they come within the scope of the appended claims.
We claim:
1. An AB amplifier circuit comprising:
a plurality of AB amplifiers;
a plurality of Darlington transistors having a plurality of
inputs coupled to a reference voltage, and a plurality of
outputs configured to provide a plurality of clamped
voltages to the plurality of AB amplifiers; and
a split Darlington transistor comprising
afirst transistor and a second transistor coupled together
in a Darlington configuration, and

at least one third transistor coupled to the second tran-
sistor,

the first transistor, second transistor and at least one third
transistor having inputs coupled to the reference volt-
age,



US 9,331,644 B2

5

the second transistor and at least one third transistor
having a plurality of outputs configured to provide a
plurality of AC ground voltages to the plurality of AB
amplifiers.

2. The AB amplifier circuit of claim 1 wherein the plurality
of AB amplifiers are arranged in pairs with each pair com-
prising:

a clamp input coupled to a respective output from the

plurality of Darlington transistors; and

an AC ground input coupled to a respective output from the

split Darlington transistor.

3. The AB amplifier circuit of claim 1 further comprising a
reference voltage circuit configured to provide the reference
voltage and comprising a first leg comprising a first bias
current source, a plurality of serially coupled diodes coupled
to the first bias current source, and a resistor coupled in series
with the serially coupled diodes.

4. The AB amplifier circuit of claim 3 wherein the reference
voltage circuit comprises a second leg comprising a second
bias current source, a transistor coupled to the second bias
current source, and a resistor coupled in series with the tran-
sistor.

5. The AB amplifier circuit of claim 1 wherein the plurality
of Darlington transistors comprises a plurality of NPN Dar-
lington transistors.

6. The AB amplifier circuit of claim 1 further comprising a
plurality of input diodes coupled between the reference volt-
age and respective ones of the plurality of Darlington transis-
tors.

7. The AB amplifier circuit of claim 1 further comprising a
plurality of emitter resistors coupled to respective ones of the
plurality of Darlington transistors.

8. The AB amplifier circuit of claim 1 wherein the split
Darlington transistor comprises an NPN split Darlington
transistor.

9. The AB amplifier circuit of claim 1 further comprising an
input diode coupled between the reference voltage and the
split Darlington transistor.

10. The AB amplifier circuit of claim 1 further comprising
a plurality of emitter resistors coupled to the split Darlington
transistor.

11. The AB amplifier circuit of claim 1 wherein the at least
one third transistor comprises a plurality of third transistors.

12. An electronic device comprising:

a plurality of AB amplifiers;

aplurality of NPN Darlington transistors having a plurality

of inputs coupled to a reference voltage, and a plurality
of outputs configured to provide a plurality of clamped
voltages to the plurality of AB amplifiers; and

a split NPN Darlington transistor comprising

afirst transistor and a second transistor coupled together
in a Darlington configuration, and

at least one third transistor coupled to the second tran-
sistor,

the first transistor, second transistor and at least one third
transistor having inputs coupled to the reference volt-
age,

the second transistor and at least one third transistor
having a plurality of outputs configured to provide a
plurality of AC ground voltages to the plurality of AB
amplifiers.

13. The electronic device of claim 12 wherein the plurality
of AB amplifiers are arranged in pairs with each pair com-
prising:
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a clamp input coupled to a respective output from the

plurality of NPN Darlington transistors; and

an AC ground input coupled to a respective output from the

split NPN Darlington transistor.

14. The electronic device of claim 12 wherein further com-
prising a reference voltage circuit configured to provide the
reference voltage and comprising a first leg comprising a first
bias current source, a plurality of serially coupled diodes
coupled to the first bias current source, and a resistor coupled
in series with the serially coupled diodes.

15. The electronic device of claim 14 wherein the reference
voltage circuit comprises a second leg comprising a second
bias current source, a transistor coupled to the second bias
current source, and a resistor coupled in series with the tran-
sistor.

16. The electronic device of claim 12 further comprising a
plurality of input diodes coupled between the reference volt-
age and respective ones of the plurality of Darlington transis-
tors.

17. The electronic device of claim 12 further comprising a
plurality of emitter resistors coupled to respective ones of the
plurality of Darlington transistors.

18. The electronic device of claim 12 further comprising an
input diode coupled between the reference voltage and the
split NPN Darlington transistor.

19. The electronic device of claim 12 further comprising a
plurality of emitter resistors coupled to the NPN split Dar-
lington transistor.

20. The electronic device of claim 12 wherein the at least
one third transistor comprises a plurality of third transistors.

21. A method of operating a plurality of AB amplifiers
arranged in pairs with each pair comprising a clamp input and
an AC ground input, the method comprising:

operating a plurality of Darlington transistors having a

plurality of inputs coupled to a reference voltage, and a
plurality of outputs providing a plurality of clamped
voltages to the clamp inputs of the plurality of AB ampli-
fiers; and

operating a split Darlington transistor comprising

afirst transistor and a second transistor coupled together
in a Darlington configuration, and

at least one third transistor coupled to the second tran-
sistor,

the first transistor, second transistor and at least one third
transistor having inputs coupled to the reference volt-
age,

the second transistor and at least one third transistor
having a plurality of outputs providing a plurality of
AC ground voltages to the AC ground inputs of the
plurality of AB amplifiers.

22. The method of claim 21 further comprising operating a
voltage reference circuit to provide the reference voltage; and
wherein the reference voltage circuit comprises a first leg
comprising a first bias current source, a plurality of serially
coupled diodes coupled to the first bias current source, and a
resistor coupled in series with the serially coupled diodes.

23. The method of claim 22 wherein the reference voltage
circuit comprises a second leg comprising a second bias cur-
rent source, a transistor coupled to the second bias current
source, and a resistor coupled in series with the transistor.

24. The method of claim 21 wherein the plurality of Dar-
lington transistors comprises a plurality of NPN Darlington
transistors; and the split Darlington transistor comprises an
NPN split Darlington transistor.
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